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Executive summary

Mott MacDonald has conducted a wave loading analysis to determine the 100-year wave loads
on the proposed Clear Creek and Dickinson Bayou structures using results from the USACE
storm simulation suite to determine the extreme values of wave and water surface elevation
conditions at each project site.

The foll owing paragraphs summari zes the pertinent findi
loading analysis:

Water Surface Elevation: The 100-year water surface elevation (WSE) was derived from the
extremal statistics provided by the USACE. The extremal statistics were calculated by the
USACE using the Joint Probability Method (JPM), which provides an advantage over historical
point gauge analysis by simulating a suite of synthetic storms that cover the entire probability
space of tropical storms. In accordance with HSDRSS (USACE, 2012) design guidelines, the
100-year water surface elevation at the 90% confidence level (CL) was used. To include
relative sea level rise (RSLR) in the wave loading calculations, the future with project (2085)
90% CL, 100-year water surface elevation was used for all wave loading calculations. The
(2085) 90% CL, 100-year WSE is 12.8 ft NAVD88 at Dickinson Bayou, and 13.5 ft NAVD88 at
Clear Creek.

Wave Conditions: Extremal statistics for wave height and wave period have not yet been
generated at the time of this report writing. However, the USACE has provided MM with wave
period and wave height results for all 20 storms simulated in the JPM simulation suite. To
determine the extremal wave conditions, MM extracted the wave period and wave height for all
storms within a 2 foot bounds of the extremal WSE. This analysis results in a 100-year
significant wave height of 7.0 feet at Clear Creek, and 5.9 ft at Dickinson Bayou.

Wave Loads: Wave loads were calculated at each site using the methodology of Goda
(USACE, 2012). This methodology calculates the hydrostatic and wave forces on a wall
structure. The force calculations account for differential head on the wall structure. Wave loads
were computed for each of the 20 storm conditions. A summary of the maximum wave load
conditions for all 20 storms is included in Appendix C. When the statistics are available, these
loads can be used to derive the 100-yr load conditions based on the probability of occurrence of
each storm. In order to generate loads for conceptual design during this phase of the work
before the statistics are available, a conservative estimate was established. All resulting wave
heights within the WSE bounds, along with their corresponding peak periods, were used as
input to compute wave loadsusi ng Godads formul ation for wave | oads on
2012). The storm causing the maximum resulting wave load was then taken as the design
condition. This is a conservative result and can be improved upon (likely decreased) when the
statistics become available. In general, wave forces are higher on the Clear Creek than the
Dickinson Bayou structure. See Section 3.2 for further discussion of the maximum loading, and
Appendix B for wave loading distributions.
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1 Introduction

The purpose of this technical memorandum is to describe the wave loading analysis performed
on the Clear Creek and Dickinson Bayou structures. This memorandum summarizes the data
collection effort conducted by Mott MacDonald (MM). As part of the data collection effort, MM
summarized extremal water surface and wave conditions to be used in the wave loading
analysis. Then, MM calculated wave loads on the Dickinson Bayou and Clear Creek structures.

2 Data Collection

The sections below outline the data provided by the USACE to MM and the data collected by
MM, along with the sources from which the data was collected.

2.1 Datum

The data provided by USACE was referenced to both MLLW and NAVD88. The conversion

from MLLW to NAVDS8S is specific to a given location. These conversions are provided on the

NOAA Tides & Currents website (NOAA, 2018). The available gage locations for Galveston

Bay are shown in Figure 1. Due to its proximity to both project sites, MM recommends using the

datum conversions from the Eagle Point gage at both the Dickinson Bayou and Clear Creek

project sites. The NOAA website does not provide the conversion to NAVD88 for the Eagle

Point gage . The following is an extract from the NOAAOGsS
conversion is not shown at a gage.

AThe NAVD88 elevation is shown on the Elevations
to MLLW only when two or more of the bench marks listed have NAVD88 elevations.

The NAVD88 elevation relationship shown in the table is derived from an average

of several bench mark elevations relative to tide station datum. As a result of

this averaging, NAVD88 bench mark elevations computed indirectly from the tidal

datums elevation table may differ slightly from NAVD88 elevations listed for

each bench mark in the NGS database. 0

In summary, NOAA only provides the NAVD88 conversion when 2 benchmarks can be used to
verify the elevation of the gage. For this location only 1 benchmark was available for use. The
conversion based on 1 benchmark is shown on the National Geodetic Survey website (NGS,
2018). The datum conversion can be found at
(https://www.ngs.noaa.gov/Tidal Elevation/diagram.xhtm|?PID=AJ4424&EPOCH=1983-2001).
Table 1 shows the difference between the NGS and NOAA datum conversions. The difference
for any datum is 0.01 feet or less. MM recommends using the NOAA values for all conversions
except for the NAVD88. MM recommends using the NGS conversion for NAVD88, which is
shown below:

1 NAVDS88 = 0.24 feet MLLW, based on NGS conversion at Eagle Point Gage.
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Figure 1. Location of NOAA Gages in Galveston Bay

Table 1. Datum Conversions at Eagle Point in feet.

Recommendation:

batum NOAA [ft NAVDSS]
MHHW 0.86
MHW 0.82
MSL 0.35
NAVDSS 0
MLW -0.19
MLLW 024

2.2  Water Surface Elevation Extremal Statistics

The USACE provided MM with extremal water surface elevation (WSE) values for all relative
sea level rise (RSLR) conditions. These files were provided for both the future without project
(FWOP) and Alternative A (Alt-A) project conditions. The values provided included the 2%,
16%, 50%, 84%, and 98% confidence limit WSE statistics for the 0 SLR condition. To be
consistent with the HSDRRS (USACE, 2012) requirements, the 90% confidence limit will be
used for the project design.

The WSE value for the 90% confidence limit were computed by extrapolating from the provided
confidence intervals at the project locations. The WSE values for Dickinson Bayou are shown in
Table 2 for both Alt-A and without project conditions. The WSE values for Clear Creek are
shown in Table 3 for both Alt-A and FWOP. Both extraction points were taken on the Galveston
Bay side of the proposed structure Alignment. The extraction locations are shown in Figure 2
and Figure 3 for Dickinson Bayou and Clear Creek respectively. For the 2035 and 2085
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scenario, the same equation for extrapolation that was created from the confidence limit values
for 0 RSLR conditions was used to compute the 90% confidence limit WSE.

Figure 3. Polygon used to extract WSE values for Clear Creek.

393582 | 1| O | August 30th, 2018
https://mottmac.sharepoint.com/teams/pj-b8289/do/1-Analysis/Wave Loading/20180713 - Wave Loading Report RevB.docx



Mott MacDonald | Coastal Texas Study
Wave Loading Report

Table 2. 90% Confidence limit WSE [ft NAVD88] for Dickinson Bayou.

SLR Scenario 100-yr Return 200-yr Return 500-yr Return
Period Period Period
2017 FWOP 141 16.5 19.0
2035 FWOP 14.7 171 19.6
2085 FWOP 16.7 19.1 21.6
2017 Alt A 10.0 11.9 14.6
2035 Alt A 10.7 12.6 15.3
2085 Alt A 12.8 14.7 17.4

Table 3. 90% Confidence limit WSE [ft NAVD88] for Clear Creek.

SLR Scenario 100-yr Return 200-yr Return 500-yr Return
Period Period Period
2017 FWOP 14.8 174 20.0
2035 FWOP 15.5 18.0 20.6
2085 FWOP 17.4 20.0 22.6
2017 Alt A 10.7 12.2 14.1
2035 Alt A 114 12.9 14.8
2085 Alt A 135 151 16.9

2.3 Structure and Sill Elevations

The proposed wall and sill elevations are shown in Table 4. The initial sill elevations were
provided to MM in feet MLLW, while the Wall elevations were in feet NAVD88. Using the datum
conversions from Section 2.1 both the NAVD88 and MLLW elevations for each location were
calculated and are presented in Table 4.

Table 4. Elevation of Top of Wall and Sills.

Sill Elevations Top of Wall Elevations
[ft MLLW] [ft NAVD88] [ft MLLW] [ft NAVD88]
Dickinson -9 -9.24 18.24 18
Clear Creek -12 -12.24 17.24 17

To refine the top of wall elevations, MM conducted an overtopping analysis at Clear Creek and
Dickinson Bayou. HSDRRS (USACE, 2012) suggests a maximum overtopping rate of 0.1 cfs/ft
(9.3 L/s/m). However, HSDRRS states that this is a site-specific overtopping rate. Since the
HSDRRS guidelines are site specific, overtopping guidance from the Coastal Engineering
Manual (USACE, 2012) was investigated. The chart below shows the safe overtopping rates for
various structures as suggested by USACE, 2012.

393582 | 1| 0 | August 30th, 2018
https://mottmac.sharepoint.com/teams/pj-b8289/do/1-Analysis/Wave Loading/20180713 - Wave Loading Report RevB.docx



Mott MacDonald | Coastal Texas Study 6
Wave Loading Report

q
m?3/s per m litres/s per m
SAFETY OF TRAFFIC STRUCTURAL SAFETY
. EMBANKMENT GRASS
VERICLES PEDESTRIANS BUILDINGS SEAWALLS SEA-DIKES REVETMENTS
1o 1000
Demage even
for paved
Damage oven i promenade
fully protectad 200
Damags Damage if
ot _ 5 age promenade not |- 100
| paved 0
| Very dangerous Camage 1t Back -2
Unsafe at | slape not
any spasd | Structural protected 20
| damago ~
-3 | o -
13 | Dramage if cres! 10
nol profectad
Start of damage
= 2
107 == ] - 1
| Dangerous
O Qrass sea
Unsafs parking on | dikes, and hor-
fonzontal compo- | Zontal compasite
st breakwaters | Dangerous breakwalers No damans
194 | oon vertical wail ag L a1
LUinsale parking on breakwaters
wertical wail
breakwatars L 003
1 Uneomiorable No damage [~ 002
- L] : Pt et M rlarmrane
M0 —————— — 7 dangerous Minor damage - 001
I fo fithings, sign
Unsafe drivingat | posts, sto. L o004
tugh spesd |
18 — L oo
Wet, but not
uncomfortable
Safe driving at No damage
afl spesds
w7 0.0001

Figure 4. Safe overtopping guidelines provided in USACE, 2012a

Varying top elevations of the floodwall were tested at each site. A peak overtopping rate of 0.39

cfs/ft (36 I/s/m) was calculated at Clear Creek with a +17 ft NAVD88 wall, and 0.48 cfs (45 I/s/m)

at DickinsonBayou with a +18 ft NAVD88 wal I . Both fl owrates f
sl ope not protectedo category for embankments and seawa
on the immediate backside of the Clear Creek and Dickinson structures, these overtopping rates

were deemed appropriate so long as protection is added to the backside of the structures. The

peak overtopping rates were included in the pump station design conducted by MM. See the

drainage memorandum for further discussion of the overtopping calculations and pump station

design.

24 Waves

To find the wave height and period associated with the extremal WSE for each scenario, MM
extracted wave data results from the ADCIRC-STWAVE storm simulations conducted by the
USACE. The storm suite modeled by the USACE consisted of 20 runs, which comprise the
Joint Probability Analysis (JPA) developed by the USACE. These 20 storms were simulated
with a high fidelity numerical model to determine the various storm responses at selected save
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points. The storm responses include wave height, peak period, water surface elevation, and
other parameters resulting from tropical cyclone forcing. The USACE then used the joint
probability method with optimal sampling (JPM-OS) to perform a statistical analysis of the
tropical cyclones, and to generate extremal water surface elevation statistics at all save points.
Figure 5 and Figure 6show the extraction points used to generate the extremal wave loading
input conditions at Dickinson Bayou and Clear Creek, respectively.

Dickinson Bayou
H; and T, Extraction Point

Alt. A Proposed Flood Gate

Alt. A Proposed Flood Wall

Alt. A Proposed Flood Wall

Alt. A Proposed Flood Gate

Clear Creek
H, and T, Extraction Point

Figure 6: Extraction Points and Proposed Structures for Clear Creek
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To compute a 100-yr load on the walls, we recommend computing the max load for each
individual storm in the JPM set, and then use the JPM to derive the extreme value statistics to
derive the 100-yr load from these load cases. The maximum loads from each storm are proided
in Appendix B.

At the time of this report writing, the statistics for the storm conditions at the site are in
development. Therefore, to determine the wave loading conditions for use in conceptual design
for each feature, a conservative method was developed to determine the loads. For each return
period, MM selected the results from the USACE study that displayed WSEs within 2 feet of the
extremal WSE for a given return period. Figure 7 illustrates the methodology employed to
determine the simulation results used for wave loading calculations. All resulting wave heights
within the WSE bounds, along with their corresponding peak periods, were used as input to
compute wave loads using Godaé s f o r fUSAGEt2018).nThe maximum resulting wave
load for each return period was then taken as the design condition. Wave heights and periods
for the corresponding return periods are given in Table 5.
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Figure 7: Model results for all storm simulations and extremal WSE for 100-
year return period with +- 2ft bounds
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Table5: Wave Heights and Peak Periods BXWAVESttdgd from USACEOGS
Location SLR WSE Return Period Scenario Wave Height [ft] Wave Period [sec]
Dickinson 2085 100-yr Alt A 7.0 4.7
Dickinson 2085 200-yr Alt A 7.1 7.6
Dickinson 2085 500-yr Alt A 7.1 7.6
Clear Creek 2085 100-yr Alt A 5.9 7.6
Clear Creek 2085 200-yr Alt A 6.0 7.6
Clear Creek 2085 500-yr Alt A 6.0 7.6

3 Wave Loading Analysis

3.1 Extremal Input Conditions

Table 6 below summarizes the input used for the extreme wave loading calculations for the Alt-

A scenario. Scenarios considered include 100, 250 and 500-year return period extreme Max

WSEs with the SLR projection from the year 2085. The Low WSE reflects the WSE on the

landward side of the flood wall, which will be maintained via a pumping system. The seabed

elevation (Depth) at each site is listed in the table and the slope was considered 1/50 at both

sitess Necessary input t o c¢ o mp lthesignifican wasethsightf(fs)andu!l a i ncl ude

peak period (Tp), whichweree x t ract ed fr om t h-BTWAEAGVE twdyasDCI RC

described in the previous section.

Table 6: Input for Wave Loading Calculations
Case # SLR WSE Scenario Location Outer Inner Depth [ft Hs [ft] T [sec]

[year] Return WSE [ft WSE [ft NAVD88]
Period NAvVDsg]  NAVDS8S]
[year]
2085 100 Alt-A Dickinson 12.80 -1.24 -13.24 7.0 4.7
2085 200 Alt-A Dickinson 14.70 -1.24 -13.24 7.1 7.6
2085 500 Alt-A Dickinson 17.40 -1.24 -13.24 7.1 7.6
10 2085 100 Alt-A Clear 13.50 -1.24 -28.24 5.7 7.6
Creek
11 2085 200 Alt-A Clear 15.10 -1.24 -28.24 6.0 7.6
Creek
12 2085 500 Alt-A Clear 16.90 -1.24 -28.24 6.0 7.6
Creek
32 Godads Wave Forces

Godabd

forces caused by the waves impacting the wall. The wave induced force assumes a breaking

S

f o(USACIHK, a0t14) was used to compute the hydrostatic and hydrodynamic

wave impacting the structure head on. The hydrostatic forces are caused by the difference in
water surface elevation on either side of the wall. An example calculation sheet detailing this

methodology is shown in Appendix A, and a force distribution illustration and graphs are given in
Appendix B. The maximum combined force (Max Force) and the corresponding Hydrostatic and
Wave Force components along with the elevation of the resultant maximum combined forces

(Resultant Elev.) are shown in Table 7.
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Table 7: Waves Forces for Project Locations

SLR Return Scenario Max Force Wave Force  Hydrostatic Resultant Elev.
Period [Kip/ft] [Kip/ft] Force [Kip/ft] [ft NAVD88]
Dickinson 2085 100-yr Alt-A 28.8 11.7 17.1 0.1
Dickinson 2085 200-yr Alt-A 38.2 17.8 20.4 0.3
Dickinson 2085 500-yr Alt-A 425 17.1 255 0.5
Clear Creek 2085 100-yr Alt-A 50.2 17.8 325 -8.2
Clear Creek 2085 200-yr Alt-A 54.6 17.7 36.8 -8.0
Clear Creek 2085 500-yr Alt-A 59.2 17.2 41.9 -7.8
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Appendices

A. Example Calculation Sheet
B. Wave Loading Distributions
C. Wave Loads for all Storms
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A. Example Calculation Sheet
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B. Wave Loading Distributions

Bay Side Wave
0.27 kip

Bayou Side

WSE (12.8 &t NAvDgg) ydrostatic

WSE low (-1.24 ft NAVDES)

Figure B 1: lllustration of Force Distributions on Dickinson Bayou Structure

Forces at Dickinson Bayou (100-yr Storm Conditions)
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Figure B 2: Force Distribution Illustration of 100-year storm conditions at Dickinson
Bayou
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Forces at Dickinson Bayou (200-yr Storm Conditions)
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Figure B 3: Force Distribution lllustration of 200-year storm conditions at Dickinson
Bayou

Forces at Dickinson Bayou (500-yr Storm Conditions)
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Figure B 4: Force Distribution lllustration of 500-year storm conditions at Dickinson
Bayou
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Bay Side Wave Creek Side
0.38 Kip

WSE (13.5 ft NAvDgs) ydrostatic

WSE low (-1.24 ft NAVDES)

Figure B 5: lllustration of Force Distributions on Clear Creek Structure

Forces at Clear Creek (100-year Storm Conditions)
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Figure B 6: Force Distribution Illustration of 100-year storm conditions at Clear Creek
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Forces at Clear Creek (200-year Storm Conditions)
20 T T

—— Wave Force
— Hydrostatic Force | |
Total Force

Elevation (ft NAVD88)

1.5

Force (kips/ft)

Figure B 7: Force Distribution Illustration of 200-year storm conditions at Clear Creek

Figure B 8: Force Distribution lllustration of 500-year storm conditions at Clear Creek
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